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M r ,  Chairman and Mexpbers of the Subcommittee: 

The hearings of t h i s  Subcommittee on the relat ion of 

s c i e n t i f i c  knowledge and technological resources t o  the 

heal th ,  growth and balance of the national economy go t o  the 

hear t  of a nuniber of the most important questions before the 

Nation a t  t h i s  t i m e .  

of s c i e n t i f i c  discovery and the conversion of the knowledge 

gained t o  prac t ica l  u s e  touches every aspect of our national 

l ife,  

develop and u s e  our s c i e n t i f i c  and technical resources may 

w e l l  determine our a b i l i t y  as a Nation t o  S U I - V ~ . ~  

The process of pushing forward the f ront ie r  

The wisdom w i t h  w h i c h  we take the necessary s teps  t o  

an.: prosper, 



- _  I .  

Thoughtful students of the forces a t  work i n  our 

society recognize that  the exact re la t ion  of technological 

resources t o  the various factors  w h i c h  a f f ec t  our national 

economy is  imperfectly understood a t  t h i s  t i m e ,  

areas it is  not d i f f i c u l t  t o  measure a direct and 

predominant effect of science and technology upon economic 

growth. 

that the f i n a l  economic r e s u l t  i s  determined by an 

interact ion between science and technology, on the one hand, 

and other economic factors ,  such as entrepreneurial i n i t i a t i v e ,  

o r  national resources, o r  access t o  markets, on the other 

hand. More rigorous analysis of t h i s  process is urgently 

needed, and I am glad t o  note that  increased at tent ion is 

being given t o  this problem i n  the univers i t ies ,  i n  the 

Government, and i n  the pr ivate  sector. 

In  cer ta in  

A t  the same t i m e ,  mature study usually indicates  

Whatever our l imitations i n  UnderStanding, however, 

events of recent years have produced general agreement that  

advances i n  science and technology have become an indispensable 

element i n  the maintenance and growth of any modern economy, 

I n  the  mind of the economist, technological resources now 
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stand i n  importance w i t h  the t rad i t iona l  resources of 

land, labor and capi ta l ,  and w i t h  such other factors  as 

entrepreneurship and managerial capacity, 

resources or  advances a re  absent, OK are  not e f fec t ive ly  

organized and managed, then other types of economic 

resources w i l l  not be quickened to optimum effectiveness 

i n  the market place, 

economy w i t h o u t  the necessary accompanying technological 

resources would be comparable, at; an e a r l i e r  t i m e ,  t o  have 

attempted t o  enter fu l ly  in to  the indus t r ia l  age without 

access t o  the bas ic  resources of power and mineral ores, 

It is essent ia l ,  therefore,  t h a t  we  take vigorous s teps  t o  

determine, only approximately, i f  t h a t  i s  the best we can 

do i n  the beginning, the level  of technological resources 

necessary for  sat isfactory growth i n  various segments of the 

American economy. Coupled w i t h  regional analyses of needs 

and opportunities, these s teps  of fe r  even greater  promise 

for  energizing planning and action, 

where technological 

To attempt t o  maintain a growing 

In seeking answers t o  these problems, it is not possible 

t o  ignore the fact t h a t  increasing u s e  of science and 
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technology is required to sustain khe desired posi t ion of 

the Natfon i n  the  present world s i tuat ion.  

t h e  national pgrPition, of course, is the  maintenance of the  

ehrgngkh o f  t he  nat ional  economy. 

the i m w U a t e  needs o f  defense and of the pursu i t  of 

ce r t a in  broad areas of science, such as medicine and 

health, the exploration of space, and atomic energy. These 

and other8 have claim upon our  s c i e n t i f i c  and technological 

effort: at any given t ime .  

A firm base of 

Our Nation must meet 

ALP a Nation, therefore ,  we are confronted with the 

task  oe metring many needs i n  the short  run, and, i n  the 

long run, o f  creat ing those basic conditions i n  American 

l i f e  t h a t  w i l l  insure  (1) adequate t r a in ing  of s c i e n t i s t s ,  

engineers, and technicians; (2 )  the w i s e  support of basic 

research; qmd (3) an ef fec t ive  organization and management 

of e c i e n t i f i c  and technical reeources fo r  economic and 

other maCional purposes. 

In r e l a t i v e  terms, we are confronting a new problem. 

It i s  only recently that  science and technology have 

beww so decisive i n  effect and so dependent fo r  success on 
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large-scqle organized effort. In short, we are presently 

going through the rigorous process of incorporating a new, 

all pervasive, vital element into our national life, of 

creating thocse technological resources and reorientations of 

viewpoints that will make it possible to meet any need of 

the fukure. 

The accomplishment of this task requires response 

from all areas of our national life. Our educational system 

i s  seriously involved. The development of scientists and 

engineers begins at least as early as the first grade. 

At the other end of the educational scale are our colleges 

and universities. 

institutions of high and increasing quality distributed 

broadly over the Naaon. 

universit$.es €or an expansion of basic science training and 

research. At the same time, a stronger bridge in the educational 

process must be built between the scientist who is advancing 

We require more and stronger 

There is need in the 
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the f ront ler  o f  knowledge and the engineer and manager of 

induet r ia l  produc*ion who must convert basic  science in to  

prac t ica l  and economic application. This is  a v i t a l  point 

i n  the Wtal process; as much as any s ingle  factor ,  advance 

here would increase the economic output  per u n i t  of our 

existing and guture technological resources. 

the effect o f  a m e r e  increaes &n quantity of these resources 

w i l l  ba seriously diminished. I n  the private economy, and 

par t icular ly  from a local or  metnromlitan area, or regional 

viewpoink, there i s  needed a tborough study of those factors  

without it, 

t ha t  w i $ 1  Ident i fy  and increase and f a c i l i t a t e  research of 

greatest  promise, and that w i l l  t ranelate  a l l  knowledge 

gained from research quickly in to  policy and action, a l ike  

fo r  i ndus t r i a l  leaders and public o f f i c i a l s .  The record 

clear ly  indicaCes tha t  in amumber of broad i naus t r i a l  areas 

and regional patterns th%s process does not now operate 

effectively.  W e  need t o  understand be t t e r  the conditions 

under which science and technology can be made economically 

available for early use by small, as  well as large, 

enterprises. Similarly, we need t o  do a l l  that we properly can 
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t o  encourage the establishment of needed technological 

resources in those regions w h e r e  they do not now exist. 

And we must take the steps necesmry t o  make khe graak 

flood of s c i e n t i f i c  and technical information mare 

readily available t o  potent ia l  users, 

As an important; part of this t o t a l  process of building 

technological resources8 using them, and incorporating 

them into the national econ~nry~ NASA hap heavy responsibi l i t ies .  

I would like eo indicate b r i e f ly  some o f  the ways i n  which 

we  are attempting t o  m e e t  thesre responsibi l i t iea ,  

While ma in ta inbg  su f f i c i en t  in-house competence t o  

insure responsible management of the space e f f o r t ,  NASA 

spends approximately ninety cents  of every dollar with 

pr ivate  Bndustry, t h u s  encouraging the  growth o f  research 

and development under pr ivate  management. 

going t o  industry this year i s  93 percent. 

The portion 

NASA has examined aarefully its employment of scientists 

and engineers i n  re la t ion  t o  the needs of the t o t a l  national 

economy. 

having a harmful effect by creating shortages o f  personnel, 

The NASA requirement s i tua t ion  may be s u m r i z e d  a8r follows: 

The facts indicate  that the space progxqxn i s  not 
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E. Our studies Show that January 1, 1960, 8,400 

scientists and engineers were employed on the NASA program- 

approximately 5,000 contractor employees and 3,400 NASA 

employees. 

2, They show that on January 1, 1963, 43,500 scientists 

and engineers were employed on the NASA program-approximately 

34,300 contractor employees and 98200 NASA eraplwees. 

3. The ratio of NASA to contractor scientist8 and 

engineers which was approximately lr2 in January 1960 decreased 

to approximately l:3 in January 1963 and i a  expected to be 

about lr4 in January 1964. 

4. NASA's projected total requirements for scientists 

and engineers on January 1, 1964, would increase to about 

64,000, based on proposed budget levels and expenditure rates 

which will not now be achieved. However, of this total, i t  

was estimated that 53,080 would work for contractors and 

the remaining ll,OOO would be in NASA. 

The NASA requirements are related to total national 

requirements as follows: 

1, On January 1, 1960, the total NASA program employed 

less than one percent of the bbtion's estimated 1.2 million 

scientists and engineers. 
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2, Before current cutbacksr NASA's t o t a l  requirements 

w e r e  estimated t o  increase t o  4.3 percent of totaL national 

requirements of 1.5 mill ion by January 1, 1964. 

E s t i m a t e s  soon t o  be published by the Bureau o f  Labor 

stgtisties, place the 1970 t o t a l  supply o f  scientists and 

engineers a t  &out 1#7008000. It i s  not l ike ly  $hat the 

percentage required for NASA work w i l l  substant ia l ly  increasle 

unless current budgetary levels  are increaaed. 

In the manpower; field generallyr we are ezdbarrassed by 

a lack of real understanding of the underlylng relationlahips 

in what is essent ia l ly  a dynamic situation. The kind 05 work 

needed t o  increase understanding and make possible better 

predictions is i l l u s t r a t e d  by a limited survey made by NASA 

of i t s  largest research and development contsectors t o  collect 

data on the number o f  s c i e n t i s t s  and engineers work;lng 

on NASA contracts i n  re la t ion t o  the expenditures on these 

contxacts, This survey provided an opportunity t o  determrine 

the increases i n  s c i e n t i s t s  and engineers and the relationships 

of *hese to increased expenditures i n  these par t icu lar  

companies which were occurring as a r e s u l t  of NASA wrk. Not: 
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a l l  the companies were able t o  provide data  f o r  each year, 

so the number o f  campanies represented i n  any year varies 

somewhat. However, even with such l imit ing factors, these 

data  shaw t h a t  during the calendar year 1%1 #ASA placed 

an increased demand on nine companies equivalent t o  3,479 

scientists and engineers. During the same year, these 

companies incyeased t h e i r  company-wide to ta l  number of 

s c i e n t i s t s  and engjlneers by 4,2058 a somewhat large* number. 

In theae nine oampanies, there may have been same absorption 

of NASA woxk without equivalent increases i n  t he  numaber of 

scientists and emgineers, bu t  it w a s  not revealed by  t h i s  

groqs data. 

Xn calendar year 1962, NASA placed an increased demand 

on companies equivalent t o  '8,352 s c i e n t i s t s  and engineers. 

These companies increased t h e i r  company-wide total number of 

s c i e n t i s t s  and engineers by 7,708,  a somewhat smaller number. 

Therefore, for these J& companies it appears reasonable to 

assume an absorption rate of approximately eight percent. 

In  calendar year 1963, the  increased demand occasioned 

by NASA work w a s  estimated at 4,005 s c i e n t i s t s  and engineers 
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among seven companies. However, these companies have 

indicated they  increased their  s c i e n t i f i c  and engineering 

s taffs  by only 2,899. Thus in 1963, the data ind ica te  

approximately a 28 percent absorption factor for EASA w o r k  

without equivalent contractor increases i n  s c i e n t i f i c  and 

engineering manpower. 

These l i m i t e d  analyses appear to ind ica te  t h a t  the 

aerospace industry has some a b i l i t y  t o  place s c i e n t i s t s  

and engineers on new NASA work without a proportional 

increase i n  recru i t ing  from outside the  colapany or 

proportional increases i n  staff .  

be increasing as aerospace companies move from conceptual 

and preliminary design stages of the  new weapons systems 

being procured by the  Department of Defense t o  -e 

production of these systems. 

This a b i l i t y  seems t o  

Broader, more systematic s tud ies  of this type are 

urgently needed in order t o  understand the  aranpuwer 

problem. It does appear, however, t h a t  i n  the steraspace 

industry there is  a residual of personnel capable of doing, 

or being trained rapidly t o  do, work of a s c i e n t i f i c  and 
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technical nature. It appears that some of this residual 

has been put on NASA work, with the result that the N M A  

pull on the Nation's pool of scientific apd technical 

manpower has been substantially less than many alarmists 

have stated. 

NASA has a vigorous program of making available to the 

private sector the scientific advances and technical 

innovations growing aut of the space effort. This is 

particularly important at the present staye of development 

of our national economy because of severrt.1 factors, First, 

the BIZMA program of research must include virtually every 

area of interest from biology to electronics tothe effects 

of zero-gravity, In developing systems for more effective 

uses of energy; very advanced electronicst new materials, 

metals, fabrics and lubricants; and the marriage of these 

with the life sciences NASA is working at the sharpest 

cutting edge of research in the essential areas that affect 

and underly economic growth. For this reason, it is 

especially relevant to the Nation's needs in research and 

production, Second, the requirements for successful 
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operations i n  space are harsh? as a r e su l t ,  t he  greater  part 

of the  work carried on by MASA is a t  the leading edge of the  

state-of-the-art, and qui te  often requires advance i n  the  

statbaf-the-art, POP t h i s  reason it is  rather the rule 

than %he exception t h a t  some advance, ei ther i n  product or 

i n  general technological s k i l l ,  is found i n  the  NASA program. 

Third, a major p a r t  of the  NASA effort  is involved i n  the 

organization of large research and dev4l;opment programs, 

programs thatjnvolve both Parge and small contractors and 

suppliers and w h i c h  require a high l eve l  of r e l i a b i l i t y  of 

component parts and of t h e  system as a whole. Increasingly, 

t h i s  kind of a c t i v i t y  is becoming characteristic of design 

and manufacturing in a l l  f f o l d s ,  and t h e  capabi l i ty  t o  

establish and integrate  these kinds of la rge  organized 

efforts is  i n  i tself  an advance im the application of 

technology. T h i s  is of special relevance t o  t h i s  Subcommittee 

i n  v i w  of t h e  fact  t h a t  the survivaP of many small business 

concerns may i n  part depend on the a b i l i t y  of some main 

producer t o  organize and use e f f i c i en t ly  and ef fec t ive ly  the  

products of large numbers of sraalf independent eoncetns, 
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A t  NASA, the  effor t  to make available the r e s u l t s  of 

i t s  science and technology is divided i n t o  two parts. 

first par t ,  in the Office of Sc ien t i f i c  and Technical 

Infoa?asrtion, is  designed t o  esbl%ect, t o  evaluate, t o  

abstract, t o  index, to s to re  in readi ly  accessible form 

and otherwise, and to dissemiwaata a l l  Sc ien t i f i c  and 

technical information r e l a t ive  t o  space exploration, 

These materials are avai lable  n ~ t  only t o  WISA and i ts  prime 

contractors, but  are also avai lable  to t h e  s c i e n t i f i c  

community, t o  engineers and indus t r ia l  organizations, and 

The 

the  general public, 

A special  part of the total  job of rapidly disseminating 

the  r e s u l t s  of t h e  NASA research and development e f f o r t  is  

t h a t  of identifying and evaluating as quickly as poasible 

those elements that  seem t o  have applications for indus t r ia l  

use. 

been established t o  work at this problem. 

NASA f i e l d  centers there are t e e b i c a l f y  trained people who 

monitor and study the research programs being carried on 

in order t o  make initial identifieation of potent ia l  items 

of t ransfer ,  These items are then described and sen t  t o  

Within NASA t h e  O f f i c e  of Technology Ut i l iza t ion  has 

In  each of the 
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Headquarters, A t  Headquarters, a s t a f f  of technical people, 

aided by a number of redjrearch ins t i t u t e s ,  continue the 

evaluation and analysis ob these i t e m s .  When evaluated 

and described, these i t e m s  of po ten t ia l  t ransfer  and use 

are disseminated i n  a variety of ways, 

normal channels sf publication on a national basis, NASA 

is  seeking ways to establish information centers and 

sources of knowledge about i t e m s  of potent ia l  t ransfer  a t  

places more convenient t o  the average i n d u s t r i a l i s t  and 

businessman. For O V ~ K  a year, t h e  M i d w e s t  Research 

I n s t i t u t e  has been carrying on a program of helping t o  

ident i fy  such i t e m s ,  and of experimenting i n  a six-state 

mid-western region w i t h  ways t o  e l ic i t  cooporation and 

action by business and indus t r ia l  feaders, 

In  addition t o  the  

A t  Indiana University, the  f i r s t  p i l o t  model of a 

university-industry-=SA technology information center 

has been operating for nearly a Year. 

Research Applications Center is developing means t o  

accelerate the u t i l i za t ion  of space technology by all 

sizes of businesses by providing rederenee, search and 

Tlais Aerospace 
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information services to a pilot group of 29 companies. 

For smaller concerns who do not have their uwn internal 

technical library, Indiana University provides such a 

service. For both the larger and smaller companies who 

have the problem of handling an overwhelming volume of 

published technical material, the Indiana Center performs 

selective dissemination, matching the company's fields of 

interest to the content of the technical documents received 

from NASA and stored in the University computer, 

Of the 29 companies participating in Indiana's first 

year8 7 are relatively small. With less than a year of 

experience in this unique endeavor to find ways to trans%er 

to small as well as large industries the practical applications 

of space research8 a large majority of the cooperating members 

of the Center are enthusiastic about the results and prospects 

and will continue their membership, Another 30 companies of 

all sizes have asked to join next year, A medium-sized 

manufacturer wrote8 "We have already received more than we 

could hope for. My mouth waters to see the amount of good 

technology,,," One of the smallest member companies statsdo 
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"There is considerable value to us in the ARAC program.... 

The technical library facilities have been helpful.... We 

expect future benefits to outstrip those to date." In 

this way, we are attempting to both speed up the technology 

utilization process and make it more realistic in terms of 

the needs of the average business and industrial concern. 

In addition as an important component of NASA's 

multidisciplinary research and grant activities at universities, 

a number of arrangements have been made with other universities 

which will bring their capabiliti6s into play in solving this 

problem of disseminating scientific and technical information, 

and, especially, of working at the problem of the transfer 

of the results of research and development to civilian use 

in as quick and as practicaels a way as possible. 

essential to make a breakthrough in this area. The research 

and development program of the government, as specialized 

as some of it is, represents a great storehouse of new 

scientific and technical h f o m a t i o n  and advance. It is a 

national resource, bought and paid for by the public generally, 

and it must be put to general economic use as quickly as possible. 

It is 
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W ~ S A ' S  policy is t o  u t i l i z e  and strengthen the s c i e n t i f i c  

resources of the  un ive r s i t i e s  rather than bui ld  competing 

enterpr ises .  

regional  pa t te rns  of cooperation between industry and 

univers i ty  s c i e n t i f i c  and technical  resources. 

respect ,  NASA i n  i ts  pro jec t  work, seeks t o  place its work 

i n  the e s sen t i a l  departmental s t r u c t u r e  or the  un ive r s i t i e s  

wherever possible,  and t o  couple it w i t h  graduate t r a in ing  

and research. 

which t r a in ing  grants  have been made t o  886 students  in 88 

d i f f e r e n t  un ive r s i t i e s ,  A fea ture  of these grants  is the 

fact tha t  they  are made to t he  i n s t i t u t i o n ,  t o  be awarded 

by the  facul ty  for  work at their i n s t i t u t i o n ,  I n  t h i s  way 

resources are built i n  those un ive r s i t i e s  t ha t  are seeking 

t o  advance their  standing, r a t h e r  than have many of t h e  most 

promising of these graduate s tudents  migrate t o  a small group 

of leading univers i t ies .  A t  a number of un ive r s i t i e s  where 

a largm amount or pro jec t  work  is already being carried on, 

NASA has made grants  i n  support sf fac i l i t i es  needed to  

Its pol icy is  also t o  encourage area and 

I n  t h i s  

NASA supports a graduate t r a in ing  program under 

expand this a c t i v i t y ,  and in support of general  work i n  areas 
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tha t  are related t o  the  the  space effort. 

consideration f o r  these grants, =SA obtains assurances 

that these univers i t ies  w i l l  take a special i n t e r e s t  i n  the  

matter of making available i n  t h e i r  regional s e t t i ngs  and 

i n  the areas w h e r e  they have established relat ionships  w i t h  

industry t h e  vast  amount of s c i e n t i f i c  and technical information 

growing out bf the  NASA program. 

upon bringing items of potent ia l  general i ndus t r i a l  u8e 

d i r ec t ly  t o  the  a t ten t ion  of business concerns of the  area. 

These are some of the  ways i n  which LOASA is seeking t o  

discharge its respons ib i l i t i es  i n  the  area of i n t e r e s t  w i t h  

which t h i s  Subcormnittee is concerned, The solution of the  

problem of effect ively r e l a t ing  technological resources to 

t h e  gruwth of t he  national economy must inevitably involve 

a broad approach by a large number of elements in  our national 

l i f e ,  

As a part  of the 

Special emphasis is placed 
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